Rationale Repeated exposure to ethanol produces a progressive increase in locomotor sensitivity, referred to as locomotor sensitization. Locomotor sensitization may persist for some time after termination of repeated drug exposure, and context appears to facilitate expression of the behavioral phenomenon. However, many unanswered questions remain concerning the persistence of and degree to which context influences locomotor sensitization to alcohol (ethanol). Objectives The goal of the present work was to determine the duration of locomotor sensitization to ethanol and the degree to which context dependence positively influences the induction, expression, and persistence of the behavioral phenomenon in female DBA/2J mice. Materials and methods Sensitized (with or without ethanolpaired exposure to the testing chamber) and non-sensitized saline control mice were left undisturbed in their home cages until subsequent ethanol challenge and testing in the locomotor activity testing chambers 7, 14, 21, 28, 42, 56, and/or 70 days after cessation of the ethanol sensitization procedure. Retro-orbital sinus bloods were sampled to determine whether the sensitization procedure had altered blood ethanol clearance rates.
Introduction
Repeated low-dose ethanol administration produces a progressive enhancement in sensitivity to its locomotor stimulant actions, a phenomenon known as locomotor sensitization (Masur and Boerngen 1980; Masur et al. 1986; Newlin and Thomson 1991) . Locomotor sensitization to ethanol has been postulated to play a role in the development and maintenance of drug-seeking behavior (Hunt and Lands 1992; Robinson and Berridge 1993; Spanagel 1995; Phillips et al. 1997) . However, strong empirical data supporting such a role are lacking, and other behavioral phenomena such as ethanol tolerance must be considered. Nevertheless, the continued study of factors influencing sensitization to ethanol in rodents may provide insights into the factors associated with progression from casual ethanol use to sustained dependence in humans.
The induction and expression of drug-induced sensitization are both influenced by contextual cues, that is, the environmental cues surrounding repeated drug experience can acquire the ability to accentuate the behavioral phenomenon (Robinson et al. 1998) . Indeed, several studies have demonstrated enhanced expression of behavioral sensitization to the classic psychomotor stimulants cocaine, amphetamine, and morphine when the behavior is assessed in the same testing chamber in which the animals experienced the repeated drug exposures (Badiani et al. 1995 (Badiani et al. , 2000 . Two studies posed similar questions about ethanol sensitization and have come to similar conclusions. Cunningham and Noble (1992) were the first to address this issue using an ethanol-conditioned place preference paradigm in mice. They observed more robust locomotor sensitization in the environment in which the animals had experienced the repeated ethanol injections. More recently, Quadros et al. (2003) showed that mice that developed locomotor sensitization to ethanol exhibited stronger contextual fear conditioning compared to mice that did not sensitize or to control mice that received only repeated saline injections.
If the repeated pairing of ethanol with the testing context strengthens the expression of ethanol sensitization, than perhaps it might also lengthen the duration of sensitization. Indeed, contextual cues have been demonstrated to enhance the expression of motor sensitization to apomorphine in pigeons (Keller et al. 2002) . However, few studies have examined the persistence of ethanol sensitization in mice, and none of these have directly examined the influence of contextual cues. Lessov and Phillips (1998) demonstrated that sensitization may last for up to 23 days in female mice from an outbred mouse population (originating from the HS/Ibg heterogeneous mouse stock). However, several slightly different variations on the experiment did not arrive at a common conclusion. The authors attributed this to the inherent genetic variability of the outbred mouse population, and no other genetic mouse populations were examined. More recently, Fish et al. (2002) examined this issue in male outbred CFW mice. They reported ethanol sensitization persisting for at least 58 days after cessation of the sensitization procedure.
The goal of the present study was twofold. First, we wished to further explore the persistence of locomotor sensitization to ethanol using DBA/2J inbred mice. Many generations of brother-sister breeding within this genetic mouse population has yielded mice that are genetically identical. Importantly, DBA/2J mice develop robust locomotor sensitization to ethanol (Phillips et al. 1994 (Phillips et al. , 1995a , and the fact that they are inbred should eliminate some of the individual variability (due to genetic sources) in sensitivity to the development of ethanol-induced locomotor sensitization seen in outbred mouse strains. Second, we wanted to examine the influence of contextual cues on locomotor sensitization to ethanol using our paradigm, as well as whether contextual cues might influence the persistence of this behavioral phenomenon. We hypothesized that ethanol, like other drugs of abuse, would produce long-lasting sensitization that is enhanced by contextual cues previously paired with the ethanol experience.
Materials and methods

Animals
The subjects for the present work were naïve female DBA/2J mice (aged about 60 days at the beginning of behavioral testing) purchased from the Jackson Laboratory (Bar Harbor, ME, USA). Female mice were chosen based on literature suggesting that females might develop locomotor sensitization to a greater extent than males (Robinson 1984; Forgie and Stewart 1994) and for more direct comparison to Lessov and Phillips (1998) . Mice were shipped to Binghamton University, housed four to a cage, and allowed to acclimate to our vivarium for at least 1 week before the initiation of behavioral testing. Mice were maintained on a 12-h light-dark cycle with lights on at 0700 and temperature and humidity maintained at approximately 21°C and 50%, respectively. Mice were allowed free access to food and water except during behavioral testing. Ethanol and saline injections were given intraperitoneally (ip). All procedures were in accordance with the Guide for the Care and Use of Mammals in Neuroscience and Behavioral Research (National Research Council 2003) and were approved by the Binghamton University Animal Care and Use Committee.
Locomotor activity testing chambers Locomotor activity testing was conducted using the VersaMax Animal Activity Monitoring System (Accuscan Instruments, Columbus, OH, USA). Locomotion was detected by interruption of eight pairs of intersecting photocell beams (2 cm above the chamber floor) evenly spaced along the walls of the 40× 40-cm test chamber. This equipment was situated in sound-attenuating box chambers (inside dimensions, 53 cm across×58 cm deep×43 cm high) equipped with a houselight and fan for ventilation and background noise. The locomotor activity testing equipment was interfaced with a Dell computer. Testing continued for 10 min, during which time, consecutive photocell beam interruptions were translated to distance traveled in cm by the VersaMax computer program. Data were collected in 5-min time intervals.
Experiment 1: Persistence of locomotor sensitization The general sensitization procedure was similar to that used by Phillips et al. (1995a) and is shown in Table 1 . For each experiment, mice in each cage were randomly assigned to one of two groups, repeated saline (RS) or repeated ethanol (RE). Days 1 and 2 of the procedure served to habituate mice to intraperitoneal (ip) injections and subsequent testing in the locomotor activity chambers. On these days, mice were moved to the experimental room, allowed at least 30 min to habituate to the testing room environment, were weighed, injected with sterile 0.9% saline, and immediately tested in the activity chambers for 10 min. On day 3, mice were again moved to the experimental room and allowed 30 min to habituate, were weighed, injected, and tested in the locomotor activity chambers. However, mice assigned to the RE group received 2.0 g/kg ethanol (20% v/v in saline), whereas those assigned to the RS group received an equivalent amount of saline immediately before testing. On days 4-13, mice were treated identically to day 3, except that the RE group received 2.5 g/kg ethanol (the RS group received an equivalent volume of saline), and none of the mice were tested in the locomotor activity testing chambers. On day 14, and then again on challenge days 21, 28, and 35 (post-sensitization days 7, 14, and 21), mice were moved to the activity testing room, allowed to habituate to the room for at least 30 min, and received a challenge injection of 2.0 g/kg ethanol immediately before testing in the locomotor activity chambers.
Experiment 2: Persistence of locomotor sensitization (separate groups) Because the repeated challenge injections given in experiment 1 may have influenced the duration of sensitization, we wanted to repeat the study using separate groups of animals. Mice were subjected to a similar sensitization procedure as described for experiment 1, except that logistical issues resulted in a 15-day sensitization procedure with mice receiving 2.5 g/kg ethanol or an equivalent volume saline for an additional day (days 4-14). Moreover, immediately after the ethanol challenge day (day 15), mice in the RE and RS groups were further subdivided into eight separate post-sensitization groups: RE-7, RE-14, RE-21, RE-28, and RS-7, RS-14, RS-21, RS-28. On postsensitization day 7, mice in the RE-7 and RS-7 groups were moved to the experiment room, allowed at least 30 min to acclimate to the testing room environment, were injected with a challenge dose of 2.0 g/kg ethanol, and immediately tested in the locomotor activity testing chambers. Likewise, the other groups were treated identically, except that mice in the RE-14 and RS-14 were left undisturbed in their home cages until ethanol injection and testing on post-sensitization day 14 (experimental day 29), RE-21 and RS-21 on post-sensitization day 21 (experimental day 36), and RE-28 and RS-28 on postsensitization day 28 (experimental day 43).
Experiment 3: Context-dependent locomotor sensitization The sensitization procedures used in experiments 1 and 2 control for context-dependent effects on sensitization by not allowing mice to repeatedly experience the ethanol in the activity chamber. We therefore wanted to modify the procedure to allow us to determine whether such effects influence the duration of ethanol sensitization. Table 2 shows the general procedure. Mice were subjected to the Mice receiving ethanol or saline were injected with 2 g/kg or an equivalent volume of saline on days 3, 14, 28, 42, 56, 70, and 84 (experiment 3) or 3 and 14, and 56 or 70 (experiment 4), and 2.5 g/kg ethanol or an equivalent volume of saline on days 4-13. EtOH Ethanol same 2-day saline habituation procedure detailed above, but on day 3 were divided into three separate groups. The first of these groups received an injection of ethanol (2 g/kg on day 3; 2.5 g/kg on days 4-13), was immediately placed in the locomotor activity testing chamber for 10 min, received a saline injection, and was then returned to the home cage (ES). The second group received an injection of saline, was immediately placed in the locomotor activity chamber for 10 min, received an injection of ethanol (2 g/kg on day 3; 2.5 g/kg on days 4-13), and was returned to the home cage (SE). Both groups received an ethanol injection (2.0 g/kg) on ethanol challenge days 14, 28, 48, 56, 70, and 84 . A third group (SS) served as a non-sensitized (acute ethanol) control group, as it received saline injections both before and after the locomotor activity test up until ethanol challenge on days 14, 28, 42, 56, 70, and 84, at which points, it too received ethanol (2.0 g/kg). Thus, whereas ES mice always received the ethanol injection immediately before testing in the chambers, SE mice always received the ethanol immediately after and right before being returned to the home cage. Our goal was to determine whether pairings of the ethanol stimulant experience with the context of the locomotor activity testing chamber would come to elicit context-enhanced locomotor sensitization to ethanol.
Experiment 4: Context-dependent locomotor sensitization (separate groups) As was the case for experiment 1, the repeated challenge injections in experiment 3 might have influenced our results. We therefore wished to assess the context dependence of the duration of ethanol sensitization in separate groups of mice. Mice were treated identically to those in experiment 3 above, except that they were further subdivided into six groups immediately after ethanol challenge on day 14 (Table 2 ). These groups were again challenged with 2.0 g/kg ethanol on either post-sensitization day 28 Statistical analysis Data were analyzed by mixed two-way within-subjects analyses of variance (ANOVA) with day as the within-subjects factor and treatment as the betweensubjects factor using the Statistica Version 7 statistical package (Tulsa, OK, USA). For experiments 2 and 4, data for the individual post-sensitization periods (7, 14, 21, 28 , and/or 56 days) were analyzed separately. Follow-up Newman-Keuls post hoc tests were carried out where appropriate for experiments 1, 2, and the expression data in experiment 4. However, because this approach would unnecessarily restrict alpha for experiment 3 and the induction data in experiment 4, planned comparisons were performed for the daily activity scores of the ES groups to their own activity scores on days 2 or 3, each of the daily activity scores of the SE groups to their own activity scores on day 3, and the activity scores of each of the experimental groups (ES and SE) to the control group (SS) on days 3-14, 28, 42, 56, 70, and 84 in experiment 3 and days 3-13 in experiment 4. Results were considered significant at p<0.05.
Results
Experiment 1: Persistence of locomotor sensitization Data are shown in Fig. 1a . A mixed factor two-way ANOVA indicated significant main effects of both treatment Fig. 1 Duration of ethanol-induced locomotor sensitization in DBA/2J mice given periodic challenge injections of ethanol at 7-day intervals. Ethanol-treated DBA/2J mice exhibited a significant acute stimulant response on day 3 and developed robust locomotor sensitization by day 14. Ethanol-treated mice remained sensitized on post-sensitization days 7 and 14 (experimental days 21 and 28) when compared to their saline-treated counterparts, but sensitization was lost by post-sensitization day 21 (experimental day 35). Only between-groups significant effects are shown. *p<0.05; **p<0.01; ***p<0.001 ethanol-and saline-treated animals did not differ in sensitivity to the saline habituation injections on days 1 and 2, repeated ethanol-treated animals exhibited a robust acute locomotor stimulant response on day 3 of the procedure ( p< 0.001). Moreover, repeated ethanol injections in RE mice enhanced this effect on challenge day 14 compared to the RS controls who received their first ethanol exposure on that day ( p<0.001) and compared to the acute locomotor stimulant response of the same animals measured on day 3 ( p< 0.0001). Thus, repeated ethanol injections produced robust locomotor sensitization in the RE group.
Beginning on day 21 (post-sensitization day 7), mice from both groups received periodic challenge injections of ethanol once every 7 days and were immediately tested in the locomotor activity chambers. Post hoc tests indicated that RE mice were still sensitized relative to their RS control counterparts on day 21 ( p<0.01) and compared to their acute stimulant response on day 3 ( p<0.0001). RE mice continued to demonstrate significant locomotor sensitization on day 28 (compared to their RS controls, p<0.02; compared to their own stimulant response on day 3, p<0.001). However, only the within-group comparison was significantly different on day 35 (compared to their relative activity score on day 3, p<0.02). Blood ethanol concentrations did not differ across groups on any postsensitization challenge day (data not shown). Thus, the present data suggest that locomotor sensitization to ethanol persists for at least 14 days after cessation of the sensitization procedure in DBA/2J mice.
Experiment 2: Persistence of locomotor sensitization (separate groups) Data are shown in Fig. 2a-d p<0.0001; interaction, F(4,88)=23.9, p<0.0001]. Post hoc tests showed that across each of the post-sensitization experiments, RE compared to RS mice exhibited robust locomotor stimulant responses on day 3 (p's<0.001) and enhanced sensitivity to these responses on day 15 ( p's< 0.001), suggesting that they had developed locomotor sensitization to ethanol.
Consistent with the results of experiment 1, RE mice demonstrated persistent between-and within-group locomotor sensitization through post-sensitization day 14. Ethanol's locomotor stimulant properties significantly differed between RE-7 and RS-7 mice on day 22 ( p<0.01) and when the locomotor stimulant responses of RE-7 mice were compared on days 3 and 22 ( p<0.0001; Fig. 2a ). Persistent ethanol sensitization was also observed in RE-14 mice when compared to RS-14 controls on day 29 ( p<0.02) and when compared with their own acute stimulant response on day 3 (pp<0.0001; Fig. 2b ). In contrast, only within-group sensitization remained on post-sensitization days 21 and 28 (RE-21 and RE-28 mice compared to their relative activity scores on day 3, p's<0.01; Fig. 2c and d, respectively ). There were no significant differences in blood ethanol concentration between any of the groups on post-sensitization days 7, 14, 21, or 28 (data not shown). Fig. 3 Effect of context on the duration of locomotor sensitization to ethanol in DBA/2J mice given periodic challenge injections of ethanol at 14-day intervals. a Induction. Mice having always received ethanol immediately before testing in the locomotor activity chambers and saline immediately afterward (ES paired group) exhibited a significant enhancement of ethanol-stimulated locomotion on days 3 and 5-13 compared to SS saline controls. In contrast, mice having always received saline immediately before testing and ethanol immediately after (SE unpaired group) demonstrated a significant reduction in locomotor activity on days 4-13 (compared to SS saline controls). b Duration. Whereas ES and SE mice both displayed a significant sensitized response on day 14 compared to the SS acute ethanol controls, only ES mice continued to display a sensitized response 4 weeks after termination of the sensitization procedure compared to the SS acute ethanol controls on experimental day 42. Only betweengroups significant effects are shown. *p<0.05; **p<0.01; ***p<0.001 these factors [F(24,360) = 6.3, p < 0.0001]. Subsequent planned comparisons revealed an acute locomotor stimulant response on day 3 in ES mice (compared to day 2, p<0.01; compared to the SS control group on the same day, p< 0.05), as well as an enhancement of this effect when compared to the activity scores of the SS controls on days 3 and 5-13 (p's<0.05). Interestingly, when a similar series of planned comparisons were performed for the SE group, their activity scores on days 4-13 also significantly differed from their activity scores on day 3 ( p's<0.05), as well as from those of the SS control group on days 4-13 ( p's< 0.05). Thus, whereas repeated ethanol treatment immediately before testing in the locomotor activity chambers resulted in elevated locomotor activity scores and presumably the induction of locomotor sensitization in the ES group, the repeated saline treatment before activity testing (and repeated ethanol treatment immediately after) over the same time period appeared to reduce locomotor activity in the SE group.
The influence of contextual dependency on the magnitude and duration of locomotor sensitization to ethanol is shown in Fig. 3b . Two-way repeated measures ANOVA revealed a significant main effect of day [F(8,216)=67.6, p<0.0001], as well as a significant interaction of treatment and day [F(16,216)=2.9, p<0.0001]. Planned comparisons revealed that mice that always received ethanol immediately before testing in the locomotor activity testing chamber (paired group; ES) demonstrated a significant sensitized response on day 14 when compared to the acute ethanol SS control group (p<0.01) and when compared to their own acute locomotor stimulant response on day 3 ( p< 0.02). We had hypothesized that mice that had received saline before spending time in the locomotor activity chamber and ethanol immediately before returning to the home cage (unpaired; SE) would exhibit lesser locomotor sensitization because they had never before experienced ethanol in the chamber. However, not only did they develop significant locomotor sensitization to ethanol when compared to the SS acute ethanol control mice on day 14 ( p< 0.001), but their sensitized response did not significantly differ from that of the ES paired mice that same day, suggesting that the two groups sensitized to similar degrees. Thus, the pairing of contextual cues associated with the locomotor activity testing chamber with the ethanol experience did not appear to enhance the magnitude of sensitization.
When the groups were again challenged with ethanol on days 28 (post-sensitization day 14), 42 (post-sensitization day 28), 56 (post-sensitization day 42), 70 (post-sensitization day 56), and 84 (post-sensitization day 70) days after the repeated ethanol injection procedure ended, the pairing of the testing chamber with the repeated ethanol injections did appear to prolong the duration of ethanol sensitization.
Although the sensitized response of the ES paired mice just missed statistical significance on day 28 (compared to their relative acute stimulant response on day 3, p=0.07; the between groups comparison was not significant), they continued to exhibit a sensitized response on day 42 (compared to SS controls on day 42, p=0.05; compared to relative acute stimulant response on day 3, p<0.02). Between-groups context-dependent locomotor sensitization was no longer evident by day 56. However, the ES paired mice continued to demonstrate within-group sensitization out to day 84 ( p's<0.03). In contrast, mice in the SE unpaired group failed to demonstrate significant locomotor sensitization on any of the post-sensitization challenge days compared to the SS acute ethanol controls on experimental days 28, 42, 56, 70, and 84, and exhibited significantly lower ethanol-stimulated locomotion when their days 28 and 42 scores were compared to their own day 14 scores ( p<0.03). It is noteworthy, however, that the ethanol-stimulated locomotion of the SE paired and SS control groups appeared to increase on experimental days 56, 70, and 84. This increase appeared to account for the loss of between-groups sensitization in the ES group. Indeed, the SE activity scores on these days no longer differed from their scores on day 14. Thus, the chamberpaired repeated challenge injections may have begun to sensitize the SE and SS groups after experimental day 42. Blood ethanol concentrations assessed on days 14, 28, 42, 56, 70, and 84 never differed between groups (data not shown). Thus, modification of our ethanol sensitization procedure so that mice might learn to associate the locomotor activity chamber cues with the ethanol experience prolonged the duration of locomotor sensitization to ethanol. Contextdependent sensitization appeared to persist out to postsensitization day 28, twice as long as was seen when such learning was avoided. However, the repeated ethanol challenge injections may have begun to sensitize the control groups.
Experiment 4: Context-dependence of locomotor sensitization (separate groups) The analyses for induction days 1-13 revealed significant main effects of treatment [F(2,57)= 130.4, p<0.001 and F(2,56)=181.0, p<0.001 for 42 and 70 days, respectively], day [F(12,684)=9.5, p<0.001 and F(12,672)=10.6, p<0.001 for 42 and 70 days, respectively], and interactions of these factors [F(12,684)=32.7, p<0.001 and F(24,672)=33.0, p<0.001 for 42 and 70 days, respectively]. Both ES groups (42 and 70) demonstrated an acute locomotor stimulant response (compared to day 2, p's< 0.001; compared to their respective SS groups on day 3, p< 0.001), as well as continued elevation in ethanol-stimulated locomotion compared to the SS groups on days 4-13 ( p's< 0.01). SE mice demonstrated significant reductions locomotor activity compared to their SS counterparts (SE-28: days 8, 9, and 11-13, p's<0.05; SE-56: days 5, 7, and 9-13, p<0.05). Thus, the induction phases of both the 28-and 56-day post-sensitization challenge groups appeared similar in pattern to that observed in experiment 3.
When separate two-way ANOVAs were performed for days 3, 14, and 42 (Fig. 4a) , or 3, 14, and 70 (Fig. 4b) , significant main effects of treatment [F(2,56)=22.6, p< 0.001 and F(2,56)=17.4, p<0.001 for 42 and 70 days, respectively], day [F(2,112) = 207.4, p < 0.001 and F (2,112)=147.9, p<0.001 for 42 and 70 days, respectively], and interactions of these factors [F(4,112)=20.0, p<0.001 and F(4,112)=19.4, p<0.001 for 42 and 70 days, respectively] were found. ES-28 and -56 mice developed significant ethanol sensitization when compared to their own scores on day 3 (p's<0.001) and compared to their respective SS groups on day 14 (p's<0.001). Whereas sensitization in ES-28 mice was still present on postsensitization day 28 (compared to their own scores on day 3, p<0.001; compared to SS-28 mice on day 42, p< 0.05; Fig. 4a ), between-groups sensitization had vanished by post-sensitization day 56 (ES-56 mice compared to SS-56 mice on day 70, Fig. 4b ), although within-groups sensitization was still present (ES-56 mice compared to their own scores on day 3, p<0.05; Fig. 4b ). Blood ethanol concentrations did not differ (data not shown). Thus, similar to the results of experiment 3, mice that experienced ethanol paired with the chamber developed ethanol sensitization that persisted for at least 28 days and possibly up to 56 days. b 56 Days Post-Sensitization ** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ** ** * Day Distance Traveled (cm) Fig. 4 Effect of context on duration of ethanol-induced locomotor sensitization in separate groups of DBA/2J mice given ethanol challenge injections either 28 (a) or 56 (b) days post-sensitization. ES-28 and -56 mice both exhibited a significant enhancement of ethanol-stimulated locomotion on days 3-13 compared to their respective SS saline controls, whereas SE mice demonstrated a significant reduction in locomotor activity on days 8, 9, and 11-13 (SE-28) and 5, 7, and 9-13 (SE-56). ES and SE mice in both a and b both displayed a significant sensitized response on day 14 compared to their respective SS controls. Whereas both ES-28 and SE-28 mice both continued to display a sensitized response 4 weeks after termination of the sensitization procedure compared to the SS-28 mice on experimental day 42, ES-56 and SE-56 mice no longer displayed such an effect on post-sensitization day 56 (compared to SS-56 mice on experimental day 70). Only between-groups significant effects are shown. *p<0.05; **p<0.01; ***p<0.001 Interestingly, the results for the SE groups differed somewhat from those of the same group in experiment 3. SE-28 and -56 mice also developed significant locomotor sensitization (compared to their own scores on day 3, p< 0.001 and their respective SS groups on day 14, p's<0.001; Fig. 4a ). However, although the magnitude of the sensitization on day 14 for the SE-56 mice did not significantly differ from their ES-56 counterparts (Fig. 4b) , SE-28 mice exhibited a larger sensitized response compared to ES-28 mice ( p<0.04, Fig. 4a) . Moreover, when the persistence of sensitization was examined, sensitization was still present for SE-28 mice (compared to their own scores on day 3, p< 0.01 and SS-28 mice on post-sensitization day 28, p<0.04; Fig. 4a ), but this effect had diminished by post-sensitization day 56 (SE-56 mice compared to SS-56 mice, Fig. 4b ). Blood ethanol concentrations did not differ (data not shown). Thus, in contrast to experiment 3, SE mice whose ethanol experience was paired with the home cage developed greater sensitization on day 14, and this sensitization also persisted for at least 28 days.
Discussion
The goal of the present work was to determine the duration of ethanol sensitization in DBA/2J mice and the extent to which the contextual cues associated with the repeated ethanol experience would influence this duration. In experiment 1, mice were given a series of repeated ethanol or saline injections and were then periodically challenged with ethanol to determine the persistence of ethanol-induced locomotor sensitization. Ethanol-treated mice developed robust locomotor sensitization to ethanol, and this sensitization lasted through post-sensitization day 14. In experiment 2, we determined whether the repeated post-sensitization challenge injections in experiment 1 might have been sufficient to "boost" ethanol sensitization, prolonging the duration of the phenomenon. The duration of sensitization observed in experiment 2 was similar to that seen in experiment 1; sensitization persisted through post-sensitization day 14, but was gone by post-sensitization day 21. Importantly, blood ethanol concentrations did not differ between the groups in either experiment, eliminating the possibility that locomotor sensitization may have been the result of alterations in the rate of blood ethanol clearance. Thus, sensitization in the absence of contextual cues appeared to persist for at least 14 days.
Several different labs have examined the duration of ethanol-induced locomotor sensitization in mice. Lessov and Phillips (1998) undertook similar experiments and concluded that ethanol sensitization in mice persists for up to 23 days, although there was some disagreement among individual experiments within the larger study; whereas one experiment suggested that ethanol-induced locomotor sensitization lasted for at least 23 days, another suggested that it may dissipate by day 17. More recently, Fish et al. (2002) demonstrated continued ethanol sensitization persisting out to post-sensitization day 58. One possible explanation for these seemingly disparate findings might relate to the magnitude of sensitization achieved in each study. Procedural differences, for example the number of repeated daily ethanol administrations, may have influenced the initial magnitude of the behavioral phenomenon, therefore influencing its persistence after the repeated ethanol administrations had ceased. Our sensitization paradigm in experiments 1 and 2 was similar to that of Lessov and Phillips (1998) , so it is not immediately clear why we were only able to observe durations out to 14 days post-sensitization while they observed the behavioral phenomenon out to 23 days. However, it is notable that in the first of the experiments detailed by these authors, they employed a 10-day repeated ethanol administration procedure and both the magnitude and duration of sensitization was not as great as that seen in the later experiments (11 days after the 10-day procedure vs 23 days after the 11-day procedure). This explanation, however, does not explain why Fish et al. (2002) observed such long-lasting sensitization; they also used a 10-day procedure but observed sensitization persisting to 58 days. Moreover, Lessov and Phillips (1998) observed sensitization persisting to 23 days postsensitization using a nearly identical procedure as we used in experiments 1 and 2. Thus, the number of daily ethanol administrations does not appear to fully explain our differing results.
Other potentially important differences between the previously published and current work are the doses of ethanol administered and the genotypes of the mice tested. We used an identical ethanol dosing regimen as Lessov and Phillips (1998) , giving ethanol doses of 2.5 g/kg (20% v/v, ip) on experimental days 4-13, and 2 g/kg (20% v/v, ip) on experimental days 3, 14 and the ethanol challenge days. However, Fish et al. (2002) gave ten daily doses of 2.4 g/kg (15% w/v, ip) during the induction phase of the experiment and 2 g/kg (15% w/v, ip) on the post-sensitization challenge days. Thus, while it is unlikely that dose was an important difference between our work and that of Lessov and Phillips (1998) , it could explain the longer duration of sensitization observed in the Fish et al. (2002) study. With regard to mouse genotype, whereas Lessov and Phillips (1998) and Fish et al. (2002) each used a different outbred mouse population, we chose DBA/2J inbred mice for the present work. Because these mice are inbred and therefore genetically identical, their use reduces the inherent genetic variability associated with the use of outbred mice. Nevertheless, the duration of ethanol sensitization was not as robust as that seen in the outbred mouse stocks.
Yet another possibility is that context dependence may have contributed to the differing experimental outcomes. Although our procedures in experiments 1 and 2 were similar to those of Lessov and Phillips (1998) , those of Fish et al. (2002) may well have been sufficient to allow for some context-enhanced sensitization to develop, potentially enhancing the duration of sensitization. In that study, although the mice were not tested in the locomotor activity chambers after every ethanol injection during the induction phase, the ethanol group was allowed to experience ethanol in the locomotor activity testing chamber on four occasions over the course of the 10-day induction phase of the procedure, presumably allowing for some contextual learning to occur in these animals. If certain mouse genotypes are indeed more susceptible to development of locomotor sensitization to ethanol, and context positively influences that susceptibility, than the longer duration reported by Fish et al. (2002) might be expected.
In experiments 3 and 4, we reexamined the duration of sensitization, this time including context-dependent groups in which the repeated ethanol injections during the induction phase were always paired with the locomotor activity chamber, presumably allowing the mice to associate the contextual cues of the chamber with the ethanol experience. Experiment 3 was designed much like experiment 1, with the same group of mice receiving repeated post-sensitization challenge injections. Although the repeated pairing of the ethanol injections and testing context did not increase the magnitude of sensitization to ethanol's locomotor stimulant actions, it prolonged the persistence of the behavioral phenomenon out to 28 days, twice as long as that seen in experiments 1 and 2. Similar results were obtained in experiment 4 when separate groups of mice were allowed to sit undisturbed in their home cages for either 28 or 56 days before post-sensitization challenge; mice that repeatedly experienced ethanol in combination with the test chambers (ES) exhibited context-dependent ethanol sensitization persisting out to 28 days and possibly 56 days after cessation of the repeated ethanol injections.
Interestingly, mice that received saline paired with the chamber and ethanol immediately after in the home cages in experiment 4 also displayed ethanol sensitization persisting for 28 days, an effect not seen in experiment 3. These groups (SE) were intended to be context dependence control groups. Not only did they develop greater sensitization, but this sensitization persisted for at least 28 days, just like the sensitization of the context-paired ES mice. Although the enhanced sensitization and subsequent enhanced duration of sensitization of the SE-28 mice might simply represent sampling error, we speculate that SE mice in general may have also learned something about the locomotor activity testing chamber. Indeed, SE mice were progressively less active after saline injection compared to the SS mice. These mice may also have learned to associate the ethanol injection with exposure of the testing chamber, in effect learning the contingency between the distinctive chamber cues and the ethanol experience. At least in the case of experiment 4, such learning may have resulted in greater magnitude of sensitization and subsequent prolonged duration of sensitization. Perhaps the introduction of a delay between the first injection and chamber test, and the second injection paired with the home cage, would better address this issue.
Few studies have directly examined the potential influence of context on the strength of ethanol locomotor sensitization, and none have attempted to identify a role for contextual dependency on the long-lasting nature of the behavioral phenomenon. Indeed, contextual learning has been shown to enhance the expression of sensitization to the classic psychomotor stimulants cocaine, amphetamine, and morphine (Badiani et al. 1995 (Badiani et al. , 2000 . Cunningham and Noble (1992) reported that the magnitude of locomotor sensitization to ethanol was indeed stronger in the environment in which animals had experienced the repeated ethanol administrations. In the present work, we did not observe a statistically significant increase in the magnitude of ethanol sensitization in mice that had been allowed to associate the ethanol experience with the locomotor activity testing chambers, although we did observe such an effect in the non-paired SE controls. The reason for these differing results is not immediately clear, but may be due to the different behavioral testing paradigms used in the studies. For example, Cunningham and Noble (1992) addressed this issue using an ethanol place conditioning paradigm. It is nevertheless notable that repeated pairing of the locomotor activity testing chamber and the repeated ethanol injections in the present work appeared to prolong the expression of the behavioral phenomenon after termination of the repeated ethanol injections. Such prolonged cue-enhanced duration of sensitization may, as has been suggested in studies showing cue-enhanced strength of sensitization, influence the propensity for relapse upon re-exposure to the drug associated context.
In summary, the current work demonstrates that the expression of locomotor sensitization to ethanol in DBA/2J mice persists for at least 14 days after termination of repeated ethanol exposures and up to 28 days when the repeated ethanol exposures are associated with a specific context. Nevertheless, future work will need to more precisely control for context dependence to draw any definitive conclusions. In any case, such a long-lasting change in behavioral sensitivity to ethanol may suggest the presence of persistent neuroadaptive changes in brain that are made more persistent when contextual cues have been associated with the sensitization.
